We report on an unbalanced de novo (X;12) translocation and summarize the cytogenetic aspects of 25 similar exchanges here compiled. This translocation was found in an intellectually disabled girl and was characterized by means of G-bands and FISH assays with Xq/Yq and 12q subtelomeric probes. The patient's karyotype was 46,X,der(X)t(X;12)(q28;q15).ish derX(Xq subtel-,12q subtel+) and entailed both a 12q15→qter duplication and a small Xq28 deletion. Among the 25 translocations here compiled, 10 were de novo, 5 maternally transmitted, and 10 of untraced origin. The paucity of (X;12) translocations probably reflects both the specificity of chromosomal domains and viability of imbalances.
Introduction
Among constitutional X;Autosome translocations, those involving chromosome 12 are uncommon: just 5 such exchanges were listed in 2 overlapping compilations of >100 different t(X;A) cases published worldwide [1, 2] and only 2 comparable exchanges were found among 62 distinct (X;A) translocations diagnosed in UK [3] . For comparison, there were 11 t(X;9) in such UK sample and 52 similar (X;9) exchanges recorded globally until 2016 [4] . Here, we report on a de novo unbalanced (X;12) translocation and compile 25 similar exchanges to summarize their relevant cytogenetic aspects.
Case report
An unbalanced (X;12) translocation found in an intellectually disabled female toddler (further clinical details are unavailable to us) was characterized by means of G-bands and fluorescence in situ hybridization assays with two subtelomeric probes, namely Xq/Yq and 12q (respectively from Vysis® Downers Grove, USA, and Cytocell® Cambrige, UK). We scored 16 metaphases after G-banding and 10 metaphases per hybridization assay.
Results and discussion
The patient's karyotype was 46,X,der(X)t(X;12)(q28;q15).ish derX(Xq subtel-,12q subtel+) (Fig. 1A-C) , entailed both a 12q15→qter duplication and a small Xq28 deletion, and was assumed to be de novo in view of the normal parental chromosomes.
The occurrence mode of the 25 (X;12) translocations compiled in Table 1 was assigned with respect to the proband in each instance. There were 10 de novo (both parents or at least the mother were tested and had normal chromosomes), 5 familial with 3 maternal transmission, and 10 of untraced origin. Regarding the de novo subgroup, the paternal origin of the sole translocation properly tested (case 8) agrees with such a parental derivation documented in de novo X-chromosome translocations and other rearrangements [3, 4, 22] . Given the usual spermatogenesis arrest at meiosis I in X;Autosome translocation carriers [6, 22] , it appears that de novo exchanges of paternal origin arose at meiosis II.
Among the 5 familial instances, a 3-line mosaic mother with a 47,XX,t(X;12)(q22;p12) clone had 2 nonmosaic children with the balanced translocation (case 16). Another carrier mother had 2 abnormal offspring: a 46,X,der(X) daughter and a 47,XY,der(X) son resulting from an adjacent-1 or 3:1 tertiary segregation, respectively (case 15). Whether these translocation/aneuploidy concurrences are fortuitous events awaits confirmation. The remaining 3 carrier mothers (cases 2, 6, and 12) transmitted the balanced translocation to their single child in each instance. Among 3 familial instances with the X-breakpoint within the critical Xq13/q21→q26 segment [27, 31] , an Xq21 translocation was found in both mother and daughter with premature ovarian failure at 32 and 17 years (case 12); in an Xq22 translocation, the fertile mother transmitted her balanced translocation to her children (case 16) whereas in another Xq22 exchange the only female carrier was the fertile mother (case 15). These data, along with 8 de novo or sporadic balanced translocations with an Xq21→q24 breakpoint and found in patients with primary or secondary amenorrhea (cases 11, 13, 14, 17-21), agree with the deleterious effect on ovarian function related to breakpoints within the Xq critical region or regions [20, 22, 23, 27, 31] . It should be noted that no details of sexual development are given for the adult female with an Xq24 breakpoint referred to as case 22 in Table 1 . In addition, the patient with partial Turner syndrome and an unbalanced karyotype (case 15 in Table 1 ) recalls the primary or secondary amenorrhea seen in other unbalanced X;Autosome translocations [1] . Likewise, the sterility of the single adult male carrier (case 2) conforms to the rule that any X;Autosome exchange results in severe impairment of spermatogenesis [6, 22] .
There were 6 probands (cases 1, 5, 15, [23] [24] [25] with an unbalanced translocation resulting from adjacent-1 or adjacent-2 segregations in 4 and 2 cases, respectively. A complex karyotype with a concomitant i(Xq) was found in case 5. According to occurrence mode, 3 imbalances were de novo, 2 had an untraced origin, and one resulted from a maternal translocation.
To grasp the breakpoint distribution (Table 1) , translocations were first ordered according to the involved band on the X-chromosome and then considering the chromosome 12 breakpoint (from pter to qter in both cases). While breakpoints were distributed along p and q of both chromosomes, the most common X-chromosome breakpoints were q22 (5 cases), q21 (4 cases) and p22 and q13 (3 instances each). The excess (16/25) of X-chromosome breakpoints within the critical Xq13/q21→q26 segment likely reflects that patients are often ascertained because of ovarian failure. Yet, the proven fertility of 2 mothers with an Xq22 breakpoint (cases 15 and 16) agrees with the view that the critical region is indeed subdivided at Xq22 into a proximal and a distal portion [22, 23, 31] . On chromosome 12, the breakpoints mainly occurred at p13, q15 and q24 with 5, 5 and 11 instances respectively (this latter figure assumes that the breakpoint in case 18 was 12q24 because no band 12p24 exists). Out of 25 translocations, 17 were unique events, 1 occurred 3 times (q21;p13) and 2 occurred twice, namely (p22;q24) and (q13;q24); in the remaining instance (case 20), the breakpoint on chromosome 12 was assigned to the 12q2 region but the band involved was not specified.
As for the phenotypes associated with the 3 seemingly recurrent translocations (see above), the only reliable correlation concerns the ovarian failure observed in all 4 adult 5 female carriers with a (Xq21;12p13) breakpoint combination (cases 11-13) . In contrast, a phenotypical comparison between the patients carrying the remaining 2 identical translocations is not feasible. The t(X;12)(p22;q24) was unbalanced in a postnatally ascertained patient (case 1) and balanced in a carrier fetus (case 3). Although both t(X;12)(q13;q24) were balanced, case 8 was a girl with hypohydrotic ectodermal dysplasia whereas case 10 was a fetus for whom clinical data were not given.
To conclude, our observations allow for a better cytogenetic characterization of constitutional (X;12) translocations and agree with the contention that the relative paucity of such rearrangements is probably related to constraints imposed by both chromosomal domains and viability of imbalances [22] . 
